One of the key parameters for the reaction network calculations for the rapid proton capture (rp) process, occurring e.g. in type I X-ray bursts, are the masses of the involved nuclei. Nowadays, masses of even rather exotic nuclei can be measured very precisely employing Penning-trap mass spectrometry. With the JYFLTRAP Penning trap at the IGISOL facility, masses of around 100 neutron-deficient nuclei have been determined with a typical precision of a few keV. Most recently, 25 Al, 30 P, 31 Cl, and 52 Co have been measured. Of these, the precision of the mass-excess value of 31 Cl was improved from 50 keV to 3.4 keV, and the mass of 52 Co was experimentally determined for the first time. The mass of 31 Cl is relevant for estimating the waiting-point conditions for 30 S as the 31 Cl(γ, p) 30 S− 30 S(p, γ) 31 Cl equilibrium ratio depends exponentially on the Q value. For 52 Co, located at the path towards 56 Ni, a deviation from the extrapolated mass value has been revealed. In this contribution, recent JYFLTRAP experiments for the rp process will be discussed.
Introduction
Since the discovery of type I X-ray bursts around 40 years ago [1] , nuclear reaction network calculations have been carried out to understand the observations and the underlying phenomenon, explosive hydrogen burning on the surface of an accreting neutron star, also known as the rapid proton capture (rp) process [2, 3] . One of the key parameters for the calculations are the masses of the involved nuclei, i.e. the Q values for proton captures [4, 18] . More precise mass values enable more accurate calculations of type I X-ray burst light curves and burst ashes which can also provide essential information of the underlying neutron star crust [6] .
Nowadays, masses of even rather exotic nuclei can be measured very precisely employing Penningtrap mass spectrometry. With JYFLTRAP double Penning trap mass spectrometer at the Ion Guide Isotope Separator On-Line (IGISOL) facility in the Accelerator Laboratory of the University of Jyväskylä (JYFL), masses of around 100 neutron-deficient nuclei have been measured since 2005 (see Fig. 1 ). In this work, we focus on the latest mass measurements performed for the rp process with JYFLTRAP. For a review on older mass measurements for the rp process at JYFLTRAP, see e.g. Ref. [7] .
Experimental method
Neutron-deficient nuclei discussed in this paper, 25 Al, 30 P, 31 Cl and 52 Co, were produced via fusion-evaporation reactions using 40-or 50-MeV protons from the K130 cyclotron impinging into a thin (few mg/cm 2 ) target of natural Si, ZnS or enriched 54 Fe at the Ion Guide Isotope Separator On-Line (IGISOL) facility [8] . The reaction products were stopped in the helium gas cell of the ion guide and extracted out with help of a sextupole ion guide [9] and differential pumping. The beam was accelerated to 30 keV and mass-separated using a dipole magnet. The continuous beam was cooled and released as short ion bunches employing a radio-frequency quadrupole ion cooler and buncher [10] into the JYFLTRAP double Penning trap mass spectrometer [13] . There, the ions of interest were selected employing buffer-gas cooling method [11] in the first trap and injected into the second trap where high-precision mass measurements were performed using the time-of-flight ion cyclotron resonance technique (TOF-ICR) [12] . With the TOF-ICR technique, ions' cyclotron resonance frequency ν c = qB 2πm , where q is the charge of the ion (at IGISOL typically q = +e), and m the mass of the ion, is measured. The magnetic field strength B is determined by doing a similar TOF-ICR measurement for a reference ion whose mass is already well known. For 25 Al, 30 P, 31 Cl and 52 Co measurements, 25 Mg, 30 Si, 31 P and 52 Cr were used as references, for which the mass values were taken from the Atomic Mass Evaluation 2012 (AME12) [16] .
Results and discussion

25 Al
Mass of 25 Al is relevant for understanding the production of cosmic 1809-keV γ-rays following the beta decay of 26 Al. Namely, 25 Al(p, γ) 26 Si(β + ) 26 Al m provides a bypass for 26 Al ground state, and hence the more favorable it is, the fewer 1809-keV γ-rays are produced. Therefore, for quantifying the amount of produced 1809-keV γ-rays, it is essential to know the proton-capture rate for 25 Al(p, γ) 26 Si. For that purpose, a precise Q value is required as the resonant proton captures to states depend exponentially on the resonance energies. The Q value determined at JYFLTRAP, 5513.99 (13) keV, is in agreement with the AME12 value but about four times more precise [15] .
30 P
30 P(p, γ) 31 S is one of the key reactions to understand nucleosynthesis in ONe novae, as it controls the production of elements heavier than sulphur and thus affects e.g. on the abundance of 30 Si [14] . The Q value determined at JYFLTRAP for the 30 P(p, γ) 31 S reaction is 6130.64(24) keV [15] , which reduces the uncertainty in the Q value by about 40 %. Further details on the experiment and results can be found from Ref. [15] and from a separate proceedings article in this volume.
31
Cl 30 S (T 1/2 = 1.178(5) s) can act as a waiting point in the rp process. It has been suggested that 30 S and 34 Ar waiting points could be possible explanations for the double-peaked type I X-ray burst curves observed e.g. in Ref. [17] . The temperature and density regime where 30 S can act as a waiting point depends sensitively on the ratio between the rates of the proton-captures 30 S(p, γ) 31 Cl and the inverse photodisintegration reactions 31 Cl(γ, p) 30 S. This ratio depends exponentially on the protoncapture Q value, and its uncertainty has been shown to affect the final 30 Si abundance significantly in high temperature (T=2.50 GK, ∆t ≈ 100 s) and short duration (T=1.36 GK, ∆t ≈ 10 s) type I X-ray burst scenarios [18] . The proton-capture Q value determined at JYFLTRAP, Q p,γ = 264.6(34) keV [19] is about 35 keV lower than in the AME12 (Q p,γ = 300(50) keV [16] ). Thus with the new Q value, photodisintegration takes over at lower temperatures than previously, and the uncertainties related to the reaction Q value have been significantly reduced. In typical type I X-ray burst conditions (ρ = 10 6 g/cm 3 and hydrogen mass fraction of X H = 0.73), 30 S becomes a waiting point at around 0.44(1) GK, after which at least 20% of the reaction and decay flow has to wait for the beta decay of 30 S. The upper-temperature limit for the 30 S waiting point, 1.0(3) GK, comes from the rate of the unmeasured 30 S(α, p) 33 Cl reaction [20] . Fig. 2 . The ratio between the photodisintegration rate λ γ,p to the proton-capture rate N A < σv > for the 51 Fe(p, γ) 52 Co reaction. The gray-shaded region shows the Q-value related uncertainties for the extrapolated Q value from the AME12 [16] , and the blue curve shows the ratio calculated with the experimental Q value from the JYFLTRAP measurement. The uncertainties related to the JYFLTRAP Q value are so small that they are invisible in this figure.
52 Co
Most recently, the mass for 52 Co (T 1/2 = 104(7) ms) has been experimentally determined for the first time employing the JYFLTRAP Penning trap [21] . As a consequence, also the Q values for the reactions 51 Fe(p, γ) 52 Co and 52 Co(p, γ) 53 Ni could be experimentally determined for the first time, and the Q-value related uncertainties for these reactions have now been reduced considerably as compared to the AME12. Figure 2 demonstrates the effect of the new Q value on the photodisintegration versus proton-capture rate ratio for 51 Fe(p, γ) 52 Co. A significant change in the ratio is seen when the new, experimental Q is adopted. Photodisintegration on 52 Co is not so likely than predicted by the AME12 Q value.
Conclusions
Masses of nuclei involved in the rp process are pivotal for modeling the process, and thus for understanding type I X-ray bursts occurring on the surface of neutron stars. Around 100 neutrondeficient nuclei have been measured with the JYFLTRAP double Penning trap at the IGISOL facility. Most recently, the measurements of 25 Al, 30 P, and 31 Cl have improved the precisions of the related proton-capture Q values significantly. The mass of 52 Co has been experimentally determined for the first time and found to deviate from the extrapolated value in the AME12. In future, new techniques in ion trapping (see e.g. Ref. [22] ), such as phase-imaging ion cyclotron resonance technique or multireflection time-of-flight separators, will help in the quest for measuring more exotic nuclei for the astrophysical rp and r processes.
